Jatropha dioica is traditionally used owing to its antiviral, antifungal, and antimicrobial properties. But, toxicological information regarding J. dioica root total extract is currently limited. e aim of this work was to evaluate in a rat model, the transplacental genotoxicity effect of J. dioica aqueous root total extract. ree different J. dioica aqueous root total extract doses (60, 100, and 300 mg/kg) were administered orally to Wistar rats during 5 days through the pregnancy term (16-21 days). Pregnant rats were sampled every 24 h during the last 6 days of gestation, and pubs were sampled at birth. Genome damage in dams and their newborn pups transplacentally exposed to J. dioica was evaluated by in vivo micronuclei assay. We evaluated the frequency of micronucleated erythrocytes (MNE), micronucleated polychromatic erythrocytes (MNPCE), and polychromatic erythrocytes (PCE) in peripheral blood samples from pups and MNPCE and PCE in pregnant rats. No genotoxic effect was observed after oral administration of the three different doses of aqueous root total extract of J. dioica in pregnant or in their newborn pubs, after transplacental exposure. A significant decrease in PCE frequency was noted in samples from pubs of rats treated with the highest dose of J. dioica extract. e aqueous total root extract of J. dioica at the highest dose tested in our research do have cytotoxic effect in pups transplacentally exposed to this plant extract. Moreover, neither a genotoxic nor a cytotoxic effect was observed in pregnant rats. In the present work, there was no evidence of genome damage in the rat model after transplacental exposure to J. dioica aqueous root total extract.
Introduction
e use of traditional medicine against disease, which includes the use of medical plants extracts and teas, is widely spread in population and serves as a guide for scientists to support new drug development and validate the medical properties and safety of plants used in folk medicine [1, 2] .
Jatropha dioica is a species of flowering plant in the spurge family, Euphorbiaceae, native to Mexico as far south as Oaxaca and United States, in Texas [3, 4] . J. dioica commonly known as "sangre de drago" ("dragon's blood") has a colorless juice, which becomes darker when in contact with air [5] . Extracts from different parts of the Jatropha plant, such as the leaf, stem, bark, and roots, have been used in Mexican herbal medicine since the prehispanic era. is plant presents many positive health effects including antiviral, antifungal, and antimicrobial activities, and the root of the plant is chewed to treat buccal diseases, for example, in tooth mobility [5] . Some species of Jatropha have been demonstrated, in methanolic extracts of the rhizomes, to activate anti-inflammatory activity in rats with a dose of 200 mg/kg body weight [6] . Furthermore, the hydroalcoholic extracts of dragon's blood rhizomes present antioxidant and antimicrobial activities at a concentration of 50 mg/mL against fungi and against Grampositive and Gram-negative bacteria [7, 8] . e antioxidant and antimicrobial properties of Jatropha dioica are related mainly to its content of phenolic compounds [9] . J. dioica is a rich source of phytochemicals such as alkaloids, lignans, cyclic peptides, and terpenes that are related with a broad range of biological activities [10] such as antiviral [7] , antifungal [7, 11] , and antimicrobial [7] ; furthermore, the hyperglycemic and chemopreventive effect of J. dioica has also been described [12] .
Regardless of the frequent use of natural products, there are lack of studies that provide information about the safe use of medicinal plants, since plants could present a therapeutic potential, but also adverse effects [13] .
A few studies have evaluated the potential toxicity effect of J. dioica. Oliveira Simone et al. [14] performed an in vitro evaluation by means of the colorimetric MTT reduction assay (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) that measures only living cells, and the authors reported low cytotoxic effect in an ethanolic and aqueous extract from leaves and roots of J. dioica in mouse fibroblast cells. Silva-Belmares et al. [7] observed no cytotoxicity in a hexane extract of J. dioica root in human hepatocyte cells, opossum kidney epithelial cells, and pig epithelial cells.
However, in just one report found in the literature, it evaluated the genotoxic and cytotoxic effect in vivo of J. dioica aqueous extract. Araujo-Espino et al. [15] detected neither a genotoxic nor a cytotoxic effect of J. dioica aqueous extract in mouse peripheral blood by the micronucleus (MN) assay.
Numerous tests are used to evaluate genome damage or genotoxic effect of chemical compounds and their natural products, including the MN assay. e in vivo evaluation of DNA damage by means of the MN assay is the primary test within a series of assay that evaluate genotoxicity and is suggested by the regulatory agencies worldwide as a part of product safety evaluation [16] . e micronuclei are chromosomal fragments or whole chromosomes that spontaneously or as a result of clastogenic or aneuploidogenic agents are excluded from the nucleus in mitosis [17] ; therefore, MN indicates loss of DNA in the cell nucleus.
Genome damage in newborns after transplacental exposure to xenobiotics is unusual and poor for risk assessment.
us, based on all the pharmacological properties of J. dioica in this work, we evaluate whether or not J. dioica aqueous root total extract induces the effect on DNA fragmentation or chromosomal loss during the gestational period. However, transplacental genotoxicity has not been evaluated in the offspring exposed to J. dioica aqueous root total extract, which would show whether compounds administered to the mother during pregnancy could be placental transferred via the placenta during the development of rat pups and thus produce a genotoxic effect to the offspring [18] .
Materials and Methods

Animals.
ree-month-old female Wistar rats (average weight 205.10 g ± 10.75 g) were studied. All animals were healthy and were provided by the animal facilities of the 
Preparation of the Aqueous Total Extract of the Plant.
e dry roots of the plant were ground into a fine powder. e powder was dissolved at a proportion of 1 g per 10 mL of water. e mixture was placed under mechanical stirring during 2 h at a temperature of 65 ± 5°C, and then it was filtered. e filtrate was taken to dryness by means of freezedrying or lyophilization. e samples were stored at a refrigerated temperature of 4°C for further use. e aqueous root total extract of J. dioica contains alkaloids, flavonoids, saponins, carbohydrates, and reducing sugars based on a phytochemical analysis [12] .
2.4.
Mating. Twenty-five female rats were mated with males in cages containing three females and one male. Each female rat was flushed daily with a vaginal wash of 0.1 ml of sterile water using an adjustable-volume pipettor, and the contents were smeared onto clean slides, which were analyzed without stain using a light microscope. e day of the initial identification of sperm was established as the first day of the pregnancy after which female rats were housed in individual cages, and a dose administration schedule was assigned for each rat [18, 19] (Figure 1 ).
Study Groups.
e J. dioica aqueous root total extract doses selected were based on previous reports [12, 15] . Rats were randomly distributed into five groups (five rats per group; each rat was housed in an individual cage): Group 1: negative control, rats received sterile water; Group 2: J. dioica low dose, 60 mg/kg; Group 3: J. dioica middle dose, 100 mg/kg; Group 4: J. dioica high dose, 300 mg/kg; and Group 5: positive control, 60 mg/kg of cyclophosphamide (CP). e doses were administered orally with an esophageal cannula to each rat once daily for five days throughout the final stage of the gestation period (days 16 to 20 of the gestation process) [18, 19] . e dose of CP was administered in two doses of 30 mg/kg on days 19 to 20 of the gestation process. All doses were administered at a volume of 0.1 ml/ 10 g of weight.
Sample Preparation and Micronucleus
Analysis. Blood samples were taken from pregnant adult rats by means of a small excoriation at the tip of the tail to perform smears in duplicate for each rat. Samples were collected before the administration of the first dose (basal sample) and every 24 h for 6 days at 0, 24, 48, 72, 96, and 120 h before each administration [20] . At birth (from day 21 and 22), six pups per rat were selected randomly and weighed, and a drop of blood was obtained from each pup from the tip of the tail to make two smears on precoded slides.
All samples were air-dried, fixed in absolute ethanol for 10 minutes, and stained with acridine orange [21] . For manual analysis, an Olympus microscopy CX31 equipped with epifluorescence and an oil-immersion objective (100X) was used. For the pups, the number of micronucleated erythrocytes (MNEs) was counted in 10,000 total erythrocytes (TEs: polychromatic and normochromatic erythrocytes); the number of micronucleated polychromatic erythrocytes (MNPC) was counted in 1,000 polychromatic erythrocytes (PCEs), and the number of PCEs in 1,000 TEs was also determined as a control system since a reduction in PCE number reveals bone marrow toxicity (Figure 2 ). For adult rats, the number of MNPCEs was counted in 3,000 PCEs, and the proportion of PCEs was counted in 1, 000 TEs [18, 19] . Adult rats have very few MNEs in peripheral blood; therefore, the MN assay must be performed using bone marrow and/or by counting MNPCEs in peripheral blood [22] .
Statistical
Analysis. Data (‰) are expressed as the mean ± standard deviation of MNE, MNPCE, and PCE frequencies. Normality distribution was determined using the Kolmogorov-Smirnov test. For newborn rats, the dams were used as the experimental unit (n � 6/group). One-way ANOVA, followed by Dunnett's test for multiple posthoc pairwise comparisons versus the appropriate control, were employed to correct the significance values for intergroup analysis. Intragroup comparisons were made between each treatment group and their respective basal value (0 h) by means of repeated measures ANOVA, followed by a Bonferroni posthoc test for multiple comparisons. A P value less than 0.05 was considered significant, and all results were evaluated using the Statistical Program for Social Sciences (SPSS v. 20, IBM Co., Armonk, NY, USA).
Ethical Considerations.
is study was approved (registration no. CII9/2016) by the Research Ethics Committee of the University of Guadalajara. All experiments were performed in accordance with the guidelines for the use and care of research animals specified in the regulations and national norms (official Mexican standard NOM-062-ZOO-1999) and of the International Institutes of Health for the humane treatment of research animals [23, 24] . At the end of the experimental period, animals were deeply anesthetized with an intraperiotoneal injection of ketamine (100 mg/kg) which was followed by sacrificing the rats with intracardiac injection of potassium chloride (0.05 ml) as per the guidelines of the Institutional Animal Ethics Committee (IAEC). Management of animal use followed the principles and guidelines approved by the Guide for the Care and Use of Laboratory Animals, while euthanasia followed the CON-CEA Euthanasia Practice Guidelines.
Results
In the present study, the mean weight of pregnant rats before treatment (at day 16 of pregnancy) was 241.26 ± 22.53 g. e average number of offspring per litter was 6.61 ± 3.04 pups, and the average weight of the pups at birth was 5.68 ± 0.66 g.
In pregnant rats, the statistical significance of the intraand intergroup comparisons of MNPCE and PCE from the different study groups are shown in Table 1 . Regarding the intra-and intergroup comparisons of MNPCE frequencies in pregnant rats, no significant changes were observed in any of the study groups (Figure 3) . When PCE values were analyzed in the intragroup comparisons, a significant decrease at 96 h (P � 0.007) and 120 h (P � 0.005) was observed in the positive control group. Moreover, in the case of intergroup comparisons, a significant increase in PCE frequency was observed in the group treated with the middle dose of J. dioica aqueous root total extract (100 mg/kg) at 24 h (P � 0.002) and 48 h (P � 0.04), whereas the positive control group exhibited significant differences at 96 h (P � 0.001) and 120 h (P � 0.001), due to a decrease in the number of PCE (Figure 3) .
In pups of rats, the statistical significance of the intergroup comparisons of PCE, MNE, and MNPCE from the different study groups are shown in Table 2 . In the pups exposed to J. dioica aqueous root total extract during the gestational period, a significant increase was observed in MNE (P � 0.001) and MNPCE (P � 0.001) positive control values when compared with the negative control, and no differences were observed when the negative control group Evidence-Based Complementary and Alternative Medicine 3 was compared with the study groups treated with J. dioica aqueous root total extract (Figure 4 ). However, PCE values decrease significantly in the positive control group and in the group exposed to the highest dose (300 mg/kg) of J. dioica aqueous root total extract (P � 0.001) (Figure 4 ). In addition, the weight of pups and number of offsprings at birth were analyzed, and a significant decrease in the weights of neonates (P � 0.001) in the positive control group compared with the negative control group was observed (Table 3) . No significant differences were found in the number of offspring at birth in any of the study groups.
Discussion
Genotoxicity assays are used to determine those compounds that can interact with the genetic material. When genotoxic compounds interact with DNA, this may lead to chromosomal damage that affects the DNA structure and thus produce permanent changes in the cell [25] . To date, there is no information about the possible genotoxic effect of J. dioica, during the gestational period. In this work, we evaluated the genotoxic effect of three different doses of J. dioica aqueous root total extract, administered orally to pregnant rats, and we assessed the effect on pups, since the neonate rat is a very sensitive model for detecting genotoxicity by the transplacental MN assay [18] . is model can evaluate whether the agent administrated to the mother could cause harmful effects on the fetus because of an increase in the MNE observed in the peripheral blood of neonates.
is MNE increase provides information regarding the possible genotoxicity and teratogenic potential of the test agent [18] . e plant J. dioica is a folk medicine, and the roots of the plant (20 g approximately) are cooked in hot water, and the liquid is applied locally to treat hair loss, dandruff, strokes, small wounds, acne, and also for other skin conditions. Also, J. dioica is traditionally used in the treatment of dental issues such as gingivitis, loose teeth, bleeding gums, and toothache, for example, root mastication to prevent tooth mobility [5] .
As expected, the MNE and MNPCE frequencies increased in the positive control group compared with the negative control group since CP is considered a micronucleogenic agent, and it is used as a positive control in genotoxicity tests [21] . Furthermore, PCE frequency decreased significantly due to the cytotoxic effect of CP [18, 26] . Nevertheless, the J. dioica aqueous root total extract treated groups did not show MNE nor MNPCE increase frequencies in pregnant rats or in the offsprings. Our results are similar to those reported by Araujo-Espinoza et al. [15] , where evaluated in vivo the genotoxic and cytotoxic effect of four different doses of J. dioica aqueous root total extract administered orally to mice using the erythrocyte MN assay did not show either a PCE decrease or an increase in PCMNE and MNE.
On the other hand, the proportion of PCE/TE is considered as a marker for the system to establish a compound cytotoxicity because of its myelosuppressive effect [25] . In the present work, a significantly diminished proportion of
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Sampling pregnant rats Sampling pups at birth Mating Pregnancy detection -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 Evidence-Based Complementary and Alternative MedicinePCE compared with the negative control group was observed in the pups of pregnant rats exposed to the highest dose of J. dioica. is result can be explained by the presence of different phytochemical compounds of the plant [14] . For example, riolozatrione tricyclic diterpene and diterpene epoxide citlalitrione have been isolated from the roots of J. dioica, and it has been described that most of diterpenes could exhibit cytotoxic activities in vitro [27] . is cytotoxic effect observed as a decrease in PCE frequency in neonates of pregnant rats exposed to the highest dose of J. dioica is in accordance with that reported by Oliveira Simone et al. [14] since they evaluated in vitro the cytotoxic activity of the aqueous and ethanolic extract from leaves and roots of J. dioica in mouse fibroblast cells by the colorimetric test of bromide reduction, and the authors report a low cytotoxicity of the aqueous and ethanolic extract of J. dioica. Zhang et al. [28] reported that many species of the Euphorbiaceae family have toxic components, which are capable of destroying normal cells in mammals. Nevertheless, Silva-Belmares et al. [7] indicated that Mexican J. dioica species do not have that effect.
Contrary to our results, Silva-Belmares et al. [7] reported a nonsignificant cytotoxicity activity of the hexane extract of J. dioica extract in Chang cells (human hepatocyte cells), OK (opossum kidney epithelial cells), and LLCPK-1 (pig epithelial cells) by the colorimetric MMT test of bromide reduction. Considering the weight and number of offsprings, in the present study, the newborns exposed to CP during the gestational period show a statistically significant decrease in weight compared with the negative control group due to the cytotoxic effect of CP [21, 26, 29] .
e genotoxic evaluation of medicinal plants by means of an in vivo transplacental model, including J. dioica, might be considered since medicinal plants not only present curative effects but may also show toxic effects associated with their phytochemical compounds [30] . is plant presents antitumoral, antimicrobial, and antioxidant properties [31] ; however, it has also been reported that the plant seeds produce toxic effects if they are consumed as infusions. e main toxic effects are related to the damage at DNA level in cells; however, it has been demonstrated that such effects can be eliminated if the concentrations used are appropriate to take care of the toxicological aspects in order to preserve the biological effects [12] .
Lastly, the fetus can be exposed to many different chemicals during pregnancy, including genotoxic compounds, drugs, or food carcinogens through placental transfer [32] . erefore, it is important to know whether compounds to which mothers are exposed would damage their own genetic material and/or their offsprings.
Conclusion
In conclusion, no evidence of genome damage was observed when the doses of J. dioica aqueous root total extract administered orally to pregnant rats during the final phase of gestation. However, the highest dose of J. dioica aqueous root total extract was cytotoxic in pups transplacentally exposed to this plant extract.
e present work provides scientific support for the safer use of J. dioica in traditional medicine and can also provide information of health effects after transplacental exposure to xenobiotics and contribute to having a better understanding of the plant safety profile.
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